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© 2,4-Dlhydroxyadipic acid derivative. 

© A novel 2,4-dihydroxyadipic acid derivative of the formula: 



R 1 OOC~CH-CH 2 -CH-CH 2 -COOR 4 
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OR- 
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wherein R 1 and R 4 are the same or different and each a hydrogen atom, an alky I group, an aralkyl group, an aryl 
group or a siiyl group, and R 2 and R 3 are the same or different and each a hydrogen atom or a protective group 
of a hydroxy group or together form a ring, which is useful as a common intermediate in the synthesis of HMG- 
CoA reductase inhibitor. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a 2,4-dihydroxyadipic acid derivative, a process for preparing the same 

and a process for converting the same to 3,5,6-trihydroxyhexanoic acid derivative. 

The 2,4-dihydroxyadipic acid derivative is a novel compound which is useful as a common intermediate 
in the synthesis of a series of HMG-CoA (hydroxy methyl glutaryl-CoA) reductase inhibitors which are 
attractive as having a function of antihyperlipemia. 

w 

Description of the Related Art 

Hitherto, no 2,4-dihydroxyadipic acid derivative has been synthesized, or there is no report on the use 
of the 2,4-dihydroxyadipic acid derivative in the production of the HMG-CoA reductase inhibitors. As an 

is intermediate in the synthesis of the HMG-CoA reductase inhibitor, 3,5,6-trihydroxyhexanoic acid derivative 
has been mainly used. For the. synthesis of the 3,5,6-trihydroxyhexanoic acid derivative, there are known a 
process comprising reacting an enolate of an acetate or its equivalent with a 3,4-dihydroxybutyric acid 
derivative to increase the number of carbon atoms and reducing a resulting 5,6-dihydroxyhexanoic acid 
derivative (cf. Japanese Patent Kokai Publication Nos. 22056/1988 and 199945/1989) and a process utilizing 

20 asymmetric epoxidation of allyl alcohol (cf. Tetrahedron Letters, 25, 3391 (1984)). For the synthesis of 3,5- 
dihydroxy-6-oxohexanonate derivative, there are known a process comprising oxidation of 3,5,6-trihydrox- 
yhexanoate derivative (cf. Japanese Patent Kokai Publication No. 199945/1989) and a process comprising 
oxidation of a styrene derivative with ozone (cf. J. Med. Chem., 33, 2982 (1980)). 

However, the above processes are not necessarily practicaTprocesses for the industrial production of 

25 3,5,6-trihydroxyhexanoic acid derivative, since, for example, the process utilizing the 3,4-dihydroxybutyric 
acid derivative has a drawback that comparatively expensive reagents and complicated procedures are 
required for the protection and deprotection of the hydroxy groups, or the process utilizing the asymmetric 
epoxidation of allyl alcohol has a drawback that it is difficult to selectively obtain a (3R,5S) isomer having a 
high activity as the HMG-CoA reductase inhibitor. 

30 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel 2,4-dihydroxyadipic acid derivative. 
Another object of the present invention is to provide an intermediate in the production of a novel 2,4- 
35 dihydroxyadipic acid. 

A further object of the present invention is to provide a process for preparing the novel 2,4- 
dihydroxyadipic acid derivative. 

A yet further object of the present invention is to provide a process for converting the 2,4-dihydrox- 
yadipic acid derivative to 3,5,6-trihydroxyhexanoic acid derivative. 
40 According to a first aspect of the present invention, there is provided a 2,4-dihydroxyadipic acid 
derivative of the formula: 



45 



50 



R 1 OOC~CH-CH 2 -CH-CH 2 -COOR 4 



. 2 . 3 d) 

OR^ OR 

wherein R 1 and R* are the same or different and each a hydrogen atom, an alkyl group, an aralkyl group, 
an aryl group or a silyl group, and R 2 and R 3 are the same or different and each a hydrogen atom or a 
protective group of a hydroxy group or together form a ring. 

According to a second aspect of the present invention, there is provided a 2-hydroxy-4-oxoadipic acid 
derivative of the formula: 
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/ Vh-CH 0 -C-CH,-COOR 4 

)c-o 

X Y 



wherein R 4 is the same as defined above, and X and Y are the same or different and each a hydrogen 
atom, an alkyl group, an aralkyl group or an aryl group or together form a ring. 

According to a third aspect of the present invention, there is provided a 2-hydroxy-4-oxoadipic acid 
derivative of the formula: 

R 1 OOC-CH-CH 9 -C-CH 7 -COOR 4 

| « (HI) 

OP o 



wherein R 1 and R 4 are the same as defined above, and P is an hydrogen atom or a protective group of a 
hydroxy group. 

According to a fourth aspect of the present, invention, there is provided a 2,4-dihydroxyadipic acid 
derivative of the formula: 



0 
I 

C 

/ \CH-CH^-CH-CH^C00R 4 (IV) 

°v I 2 I 
yC-0 OQ 

X Y 

wherein X, Y and R 4 are the same as defined above, and Q is a hydrogen atom or a protective group of a 
hydroxy group. 

According to a fifth aspect of the present invention, there is provided a process for preparing the 2,4- 
dihydroxyadipic acid derivative (I) comprising reacting the 2-hydroxy-4-oxoadipic acid derivative (II) with a 
metal alkoxide to obtain the 2-hydroxy-4-oxoadipic acid derivative (III), reducing the 2-hydroxy-4-oxoadipic 
acid derivative (III) and optionally deprotecting the hydroxy group and/or hydrolyzing the ester group. 

According to a sixth aspect of the present invention, there is provided a process for preparing the 2,4- 
dihydroxyadipic acid derivative (I) comprising reducing the 2-hydroxy-4-oxoadipic acid derivative (II) to 
obtain the 2,4-dihydroxyadipic acid derivative (IV), reacting the 2,4-dihydroxyadipic acid derivative (IV) with 
a metal alkoxide and optionally deprotecting the hydroxy group and/or hydrolyzing the ester group. 

According to a seventh aspect of the present invention, there is. provided a process for preparing a 
3,5,6-trihydroxyhexanoate derivative of the formula: 



H0-CH o -CH-CH 9 -CH-CH}-CO0R° 

2 \ \ ( VI ) 

OR 6 OR 7 

wherein R 6 and R 7 are the same or different and each a hydrogen atom or a protective group of a hydroxy 
group or together form a ring and R 8 is an alkyl group, an aralkyl group or an aryl group, comprising 
selectively reducing an ester group at the 1 -position of a diester of a 2,4-dihydroxyadipate derivative of the 
formula: 
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R i5 OOC-CH~CH 2 -CH-CH 2 -COOR E 



0R C 



OR' 



(V) 



wherein R 6 , R 7 and R 8 are the same as defined above, and R 5 is an alky I group, an aralkyl group or an ary! 
group. 

The processes of the present invention are summarized as follows: 
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/ \CH-CH 9 -C-CH 0 -C00R 4 
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\ I 
c-o 

,/ \v 



O 

II 

/ \rw-r 



(II) 



_ v CH-CH 2 -CH-CH 7 -COOR- 

\ I 2 I 2 
C-0 OQ (IV) 

X Y 



R 1 OOC-CH-CH,-C-CH 0 -COOR 4 

OP 0 (III) 



R 1 OOC-CH-CH 9 -CH-CH- ) -COOR 4 
I I 

OR 2 OR 3 ( I ) 



R 5 OOC-CH-CH,-CH-CH- ) -COOR £ 
I I 

OR 6 OR 7 (V) 
I 

HO-CH-CH 2 -CH-CH 2 -COOR 8 



OR c 



OR' 



(VI) 



The 2-hydroxy-4-oxoadipic acid derivative (II) or (III) which is used as a starting compound in the 
present invention is easily prepared from malic acid. For example, in a first process (A), malic acid is 
reacted with a ketone, an aldehyde or an orthoester to protect both a hydroxy group and a carboxylic acid 
group at the 1-position (cf. Tetrahedron Letters, 28, 1085 (1987) and 40, 1313 (1984)), in a second process 
(B), only the carboxylic acid group at the 1-position is esterified (cf. J. Org. Chem., 47, 4931 (1982)) or in a 
third process (C), the protection of the hydroxy group and the esterification of the cIFboxylic acid group are 
separately carried out. Then, in a carboxylic acid group at the 4-position of a malic acid derivative prepared 
by one of the above processes (A), (B) and (C), two carbon atoms are introduced by a conventional method 
for increasing the number of carbon atoms. For example, the carboxylic acid group is converted to an active 
ester group with carbonyl diimidazole or a chloroformate, or it is converted to an acid chloride with for 
example, thionyl chloride and then the acid chloride is reacted with an agent for increasing the number of 
carbon atoms by two (e.g. magnesium enolate) to obtain the compound (II) or (III). For example, a protected 
malic acid derivative which has been prepared by reacting malic acid with 2,2-dimethoxypropane is treated 
with carbonyl diimidazole (CDI) to form an active ester and then the active ester is treated with a half ester 
of malonic acid together with magnesium alkoxide or magnesium chloride to obtain the 2-hydroxy-4- 
oxoadipic acid derivative (II). The above reactions are summarized as follow: 
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HOOC-CH-CH 2 -COOH 



0 



OH 



/ \CH-CH,-C00H 



5 




CH 3 CH 3 



10 



+CDI' COOt-3u, Mg(OEt) 2 or MgCl 2 



< 



y COOM 



0 



75 



/ \CH-CH 2 -C-CH 2 -C00t-Bu 



20 




c-o 

/ \ 

Ko c: 



In the present invention, preferably, in the definitions of R\ R\ X and Y, the alkyl group has 1 to 10 
25 carbon atoms, preferably, 1 to 8 carbon atoms, more preferably 1 to 4 carbon atoms, the aralkyl group has 

7 to 20 carbon atoms and optionally a substituent such as a nitro group, a halogen atom, a hydroxy group, 

a C1-C10 alkoxy group, etc., and aryl group has 6 to 20 carbon atoms. 

Specific examples of the alkyl group are a methyl group, an ethyl group, a propyl group, an isoproyl 

group, a butyl group, an isobutyl group, a sec-butyl group, a tert.-butyl group, a pentyl group, a hexyl 
30 group, a heptyl group and an octyl group. Specific examples of the aralkyl group are a benzyl group and a 

p-nitrobenzyl group. Specific examples of the aryl group are a phenyl group and a tolyl group. Specific 

examples of the silyl group are a trimethylsilyl group, triethylsilyt group, a triisopropyl group, a tert.- 

butyldimethylsilyl group, an isobutyldimethylsilyl group, a hexyldimethylsilyl group and a tert-butyldiphenyl- 

silyl group. 

35 As the protective group R 2 , R 3 , P or Q, various protective groups disclosed in Theodor W. Greene, 
"Protective Group in Organic Synthesis", pages 10-113 (John Wiley & Sons, Inc.) 1981 may be used. 
Examples are an ester-type protective group (e.g. an acetyl group and a benzoyl group), an ether-type 
protective group (e.g. a benzyl group and p-nitrobenzyl group), an alkyl group (e.g. trityl group), a silyl-type 
protective group (e.g. trimethylsilyl, triethylsilyl, triisopropylsilyl, tert.-butyldimethylsilyl, isobutyldimethylsilyl, 

40 hexyldimethylsilyl and tert.-butyldiphenylsilyl), a carbonate-type protective group (e.g. tert.-butoxycarbonyl 
and benzyloxycarbonyl). 

When R 2 and R 3 together form a ring, the ring may be an acetal type protective group of an 1,3-diol in 
which R 2 and R 3 together represent isopropylidene, methylene, ethylidene, sec.-butylidene, 1 ,3-dimethyl- 
butylidene, diphenylmethylene, 1-phenylethylidene, cyclohexylidene or cyclopentylidene, or an orthoester 
45 type protective group in which R 2 and R 3 together represent 1-methoxy-1 -ethylidene or a-methoxyben- 
zylidene. 

In the both steps for converting the 2-hydroxy-4-oxoadipic acid derivative (II) to the derivative (III) and 
converting the 2,4-dihydroxyadtpic acid derivative (IV) to the derivative (II), with the metal alkoxide, the 
acetal or ketal group is deprotected and simultaneously esterified to give an a-hydroxyester derivative. In 
50 these steps, as the metal alkoxide, any of conventional metal alkoxides such as sodium ethoxide, sodium 
methoxide, sodium isopropoxide, potassium ethoxide and the like may be used. Also a metal alkoxide 
formed from a combination of a base compound such as a metal hydride or a metal amide and an alcohol 
may be used. 

As a reaction medium, a corresponding alcohol alone may be used, although an aprotic solvent such as 
55 THF, toluene, ether or dioxane may be used alone or in combination with the alcohol. 

For example, when sodium ethoxide is used as the metal alkoxide, preferably a mixed solvent of 
ethanol and toluene is used, whereby the hydroxyester derivative can be obtained in a high yield. 

A reaction temperature is from a freezing point to a boiling point of the solvent. In view of stability of the 
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m:i^z«z$z°' u * the reaction ,emperature is preferabiy - "** *« »•« ~ 

anv I? 8 JH dU t CtiVe i0 K-° f C ° mP0Und ° r 10 the COmpound < IV > or (0 ^ay be carried out by 

to a I hvtn 7 p T Wide ' y ^ " r6dUCti0n ° f 3 ket0ne t0 an alcoho1 or a <hJ«2 

to a ^-hydroxyester. For example, a reducing agent such as a hydride (e.g. sodium boron hydride zinc 

hvTd thi T f b0r °: hydrid6 ' diisobut y ,al « "ydride, sodium L(2-me,hoxyethoxySminl 

hvdronf ■ ,S "*?, : red K UC,i0n ' ^^y- the com P°^ ™v be catalytically hydrogenated by using 
a hydrogenation catalyst such as Pd/C, Pt0 2 or Raney nickel 9 

the siVform Indth?!!!?^^^ 00 * ^ ** C ° mP ° Und ( ' V) ° r (l) havin 9 ^ ^figurations, namely 
method ^ Tr , * "*° ° f th6Se tw0 forms varies «Hh the reducing 

of sod1.il h h h h Preferab,e C ° mp0Und havin 9 ,he ,orm configuration, a combine on 

boro^drl in tr,a,ky,b0rane ' or diisobutyialuminum hydride, zinc borohyd ride or Nth l 
borohydr.de can be used. The su,table reduction method is selected according to the kind of the substrate 
For example, when the 2-(S)-hydroxy-4-oxoadipic acid derivative which is derived from I -malic Si 

5LS r h V'borane at a comparatively low temperature of -70' C or lower to give (2S4R 24- 

dihydroxyadipic acid derivative with a high stereoselectivity 

as r" R3 ro?o O r 0 S Ct IT *! (l ° ° r m the Pr0teCtive 9 roup of the 9™p ^ch 

as R . R P or Q may be introduced. For example, to effect the ketal-type protection of an 1 3-diol of the 

r;;l ( ; n « b ? th * «« R3 •» Wroflen atoms through Z formation of an i opr p Ine 
group from R* and R3, the 1,3-d,ol (I) is treated with a combination of acetone and sulfuric add or 
comb.nat.on of dimethoxypropane and pyridinium salt of p-toluenesu.fonic acid 

If desired, the ester group can be hydrolyzed. For example, the compound (I) in which Ri is a methvl 

rz,7Zo\°^z° is * - — - » «~ 

When the 2.4-dihydroxyadipate derivative (V) is position-selectively reduced with the hydride reducino 
OS an eth? 6 3 ^ m ^^ * -id derivative (V,), R s may be a ^ wXS^S* 
group an ethyl group, a n-propyl group, an isopropyl group or a butyl group) or an aralkyl g oup fe e .a 
benzyl group or a phenethyl group. Among them, a lower alkyl group such as a methyl group or an e?hyl 
group ,s preferred in view of economy and reduction selectivity. In this case, R* may be an alky, group feo 
a methyl group, an ethyl group, a n-propyl group, an isopropyl group or a tert.-butyl group) orT^I 

z d i a sr or a phenethyi 9roup) - Amons them - a tert - bu,yi 9ra - 1 pid ^ 

The most preferred combination of the ester groups are the methyl group as R* and the tert-butvl 
but the total type protectee group (e.g. an isopropylidene group and a cyclohexylidene group) the aceta 
i^ac^ ^ * P ^red since such proteU 

„hn^h hydri 5 6 redUCin9 39ent ' SOdium boroh y° ri °e, lithium aluminum hydride, sodium trimethox- 
yborohydnde sod,um tnacetoxyborohydride or sodium diacetoxyborohydride is preferably u^ed Among 

%?J£?ZZT!i J Pr6,erred " Vi6W ° f handHn9 Pr ° perties - An ™ nt - *. reduLg agent Ta y 
vary w.th the kind of the reducing agent. In case of sodium borohydride, 0.5 to 2 5 moles oreferablv to I 
moles are used per one mole of the diadipate derivative preferably 1 to 2 

i™!" f° diUm b0r ° n hydride iS USed> 3 reaCti0n solvent is a lower alc ° h °' such as methanol ethanol or 
ZIrTl7 ?■ apr0tlC h . SO,vent such as THF - ^her or dioxane, or a mixture thereof. Among t em h e 
lower alcohol achieves a high reduction selectivity. 

The reaction temperature is from -50 to +50' C, preferably from -20 to +20'C. 
50 PREFERRED EMBODIMENTS OF THE INVENTION 

present inv^on"^ 0 " * m °™ 9 Examp ' eS ' WhiCh wi " no) the *cope « the 

55 Example 1 

Preparation of tert.-butyl 4(2,2-drmethyl-5.oxo-1,3-dioxolan.4-yl).3-oxobutanoate 
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To a solution of 2,2,-dimethyl-5-oxo-1,3-dioxolan-4-acetic acid (2.09 g, 12 mmol) in THF (72.0 ml), 
carbonyldiimidazole (2.14 g, 13.2 mmol) was added in an argon atmosphere at 0*C and stirred for 15 
minutes followed by stirring at room temperature for 4 hours. To the resulting solution, magnesium bis- 
(mono-tert.-butyl malonate) (5.35 g, 15.6 mmol) was added at room temperature and stirred for 18 hours. 

5 After evaporating THF off under reduced pressure, a 25 % aqueous solution of citric acid (100 ml) was 
added, and then the mixture was extracted with ethyl acetate. The organic layer was washed with a 
saturated aqueous solution of sodium hydrogencarbonate (150 ml), dried over sodium sulfate and con- 
centrated under reduced pressure. The residue was subjected to a silica gel column chromatography 
(hexane: ethyl acetate = 3:1) to give pure tert-butyl 4-(2,2-dimethyl-5-oxo-1,3-dioxolan-4-yl)-3-oxobutanoate 

10 (3.1 4 g, 1 1 .5 mmol). Yield, 96.1 %. 

1 H-NMR (90 MHz, CDCI 3 ): S = 4.71 (m, 1H), 3.37 (s, 2H), 3.10 (m, 2H), 1.61 (s, 3H), 1.56 (s, 3H), 1.46 (s, 
9H). 



Elemental analysis (C13H20O6): „ 


Found: 
Calc'd: 


C 57.57 %, 
C 57.34%, 


H 7.23 % 
H7.40%. 



Example 2 

Preparation of 1 -methyl 6-tert-butyl 2-hydroxy-4-oxoadipate 

To a solution of tert-butyl 4-(2 f 2-dimethyl-5-oxo-l,3-dioxolan-4-yl)-3-oxobutanoate (16.30 g, 60.08 
25 mmol) in toluene (120.0 ml) which had been cooled to 0°C, sodium methoxide (1M in methanol) (60.3 ml) 
was dropwise added in an argon atmosphere. After stirring the solution at 0*C for 30 minutes, 1N 
hydrochloric acid (160.5 ml) was dropwise added and the mixture was stirred for 10 minutes at 0° C. Most 
of the organic solvent was evaporated off under reduced pressure, and the residual mixture was extracted 
. with ethyl acetate and washed with a saturated saline and a phosphate buffer solution (pH 7.0). The organic 
30 layers were combined, dried over sodium sulfate and concentrated under reduced pressure. The residue 
was subjected to a silica gel column chromatography (hexane:acetone = 2:1) to give pure 1 -methyl 6-tert- 
butyl 2-hydroxy-4-oxoadipate (13.26 g, 53.85 mmol). Yield, 89.6 %. 

1 H-NMR (90 MHz, CDCI3): 6 = 4.52 (m, 1H), 3.95 (br, 2H), 3.80 (s, 3H), 3.40 (s, 2H), 3.04 (m, 2H), 1.46 (s, 
9H). 

35 



Elemental analysis (ChHisOg): 


Found: 
Calc'd: 


C 53.45 %, 
C 53.65%, 


H 7.27 % 
H 7.37%. 



Example 3 

45 Preparation of 1 -methyl 6-tert.-butyl 2,4-dihydroxyadipate 

A mixture of THF (133.05 ml), methanol (66.52 ml) and triethylborane (1M in THF) (72.71 ml) was 
stirred at room temperature for one hour in an argon atmosphere. To a solution of 1 -methyl 6-tert.-butyl 2- 
hydroxy-4-oxoadipate (12.79 g, 51.94 mmol) in THF (312 ml) cooled to -78 * C, the above boran solution 

50 was dropwise added over 45 minutes. After stirring the mixture at -78 °c for 50 minutes, sodium 
borohydride (2.26 g, 59.72 mmol) was added in one portion, followed by stirring at -78° C for 3 hours. After 
dropwise adding a mixed solvent of acetic acid and methanol (1:1) (54 ml) to the reaction solution at -78 c 
over 15 minutes, the solution was stirred for additional 15 minutes. The resulting mixture was poured in a 5 
% solution of ammonium chloride (511 ml) and stirred for 15 minutes. After adjusting pH to 7.5, the organic 

55 layer was evaporated off under reduced pressure. After adding 10 % aqueous hydrogen peroxide (104 ml) 
and adjusting pH of the mixture to 7, a 5 % aqueous solution of sodium sulfite (312 ml) was added, followed 
by stirring at room temperature for 40 minutes. Then the mixture was extracted with ethyl acetate, and 
organic layers were colleted, dried over sodium sulfate and concentrated under reduced pressure. The 

7 
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TZZ^T ^ ? t0 3 Si ' iCa 961 C °' Umn chromat °9 ra P^ (hexane:acetone = 2:1) to give pure 1-methyl 
6-tert.-butyl2,4-dihydroxyadipate (1122 g, 45.19 mmol). Yield, 87% 

'H-NMR (90 MHz, CDCI 3 ): i = 4.33 (m, 2H), 3.76 (s, 3H), 3.61 (br, 2H), 2.42 (m, 2H), 1.97 (m,2H), 1.46 (s, 



Elemental analysis (Ci i H 2 oOs): 


Found: 
Calc'd: 


C 53.37 %, 
C 53.21 %, 


H 8.23 % 
H8.12%. 



IS 



20 



25 



Example 4 

Preparation of 2-methoxycarbonyl-4-tert.-butoxycarbonylmethyl-6,6-dimethyl-1 ,5-dioxane 

(2 lit™? Him!* °' 1 " methy 'J !"i ert " bUtyl 2 ' 4 - dih V drox y^ipate (4.98 g, 20.01 mmol) in methylene chloride 

IhhIh ^ r , V 7 Pane <96 ml ' 78 mm0,) and Pyridinium P-toluenesulfonate (2.01 g, 8 mmol) were 

Leol^n T C ° nditi0nS f ° r 006 h0Ur ' f0 " OWed b > fUrther Stirri "9 at 4 °° c for 3 hours white 

^eo rop.cally removmg methanol with methylene chloride. After concentration under reduced pressure the 

acetl e Thl " ^ ^ P ° Ured * ^ ^ the mixture was e * racted with et^ 

acetate. The organ.c layers were combined, dried over sodium sulfate and concentrated under reduced 

o2TJ£ reS 'T 71 SUbjeCted t0 3 SiliCa 961 C0 ' umn ch ™ a <°9raphy (hexaneacetoT-l 1 t ve 
pure 2-methoxycarbonyl-4-tert.-butoxycarbonylmethyl-6,6-dimethyl-l,5-dioxane (4.89 g, 17.01 mmol). Yield, 

iH-NMR (90 MHz, CDC.3): 5 = 4.70-4.17 (m, 2H), 3.76 (s, 3H). 2.41 (m, 2H>, 2.13-V56 (m, 2H), 1.46 (m, 



30 



Elemental analysis (Ci 4 H 2 40 6 ): 


Found: 
Calc'd: 


C 58.38 %, 
C 58.31 %, 


H 8.42 % 
H 8.39 %. 



35 Example 5 

Preparation of tert.-butyl 3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate 

mm^in "5^* * m ?^^ (2-88 g, 10 

mmol) ,n methanol (160 ml), sod,um boron hydride (1.89 g, 50 mmol) was added in one portion and sti red 

jZ L „ t ^ 31 ° ° and PH ° f ,he mixture was adjusted to 7 with 1N hydrochloric acid 



40 



45 



50 



55 



Elemental analysis (C13H24O5): 


Found: 
Calc'd: 


C 59.97%, 
C 59.98 %, 


H 9.46 % 
H 9.29 %. 



Example 6 



Preparation of tert.-butyl 4-(2-methyl-5-oxo-1,3-dioxolan-4-yl)-3-oxobutanoate 



: <EP 0464817A1_|_: 
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To a solution of 2-methyl-5-oxo-1,3-dioxolan-4-acetic acid (8.01 g, 50 mmol) in THF (300.0 ml), 
carbonyldiimidazole (8.92 g, 55 mmol) was added at 0°C in an argon atmosphere and stirred for 15 
minutes, followed by further stirring at room temperature for 4 hours. To the resulting solution, magnesium 
bis(mono-tert.-butyl malonate) (22.27 g, 65 rnmol) was added at room temperature and stirred for 40 hours. 
After evaporating THF off under reduced pressure, a 25 % aqueous solution of citric acid was added, and 
the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous 
solution of sodium hydrogencarbonate, dried over sodium sulfate and concentrated under reduced pressure. 
The residue was subjected to a silica gel column chromatography (hexane:ethyl acetate = 3:1) to give pure 
tert.-butyl 4-(2-methyl-5-oxo-1 ,3-dioxolan-4-yl)-3-oxobutanoate (9.80 g, 38 mmol). Yield, 75.9 %. 
1 H-NMR (90 MHz, CDCb): B = 5.96-5.53 (m, 1H), 4.67 (m, 1H), 3.40 (s, 2H), 3.13 (m, 2H), 1.56 (d, 3H), 1.46 
(s, 9H). 



Elemental analysis (Ci2H,806): 


Found: 
Calc'd: 


C 55.99 %, 
C 55.80 %, 


H 6.95 % 
H7.03%. 



Example 7 

Preparation of tert.-butyl 4-(2-tert.-butyl-5-oxo-1,3-dioxolan-4-yl)-3-oxobutanoate 

To a solution of 2-tert.-butyl-5-oxo-1,3-dioxolan-4 : acetic acid (10.11 g, 50 mmol) in THF (300.0 ml), 
carbonyldiimidazole (8.92 g, 55 mmol) was added at 0'C in an argon atmosphere and stirred for 15 
minutes, followed by further stirring at room temperature for 4 hours. To the resulting solution, magnesium 
bis(mono-tert.-butyl malonate) (22.27 g, 65 mmol) was added at room temperature and stirred for 40 hours. 
After evaporating THF off under reduced pressure, a 25 % aqueous solution of citric acid was added, and 
the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous 
solution of sodium hydrogencarbonate, dried over sodium sulfate and concentrated under reduced pressure. 
The residue was subjected to silica gel column chromatography (hexane:acetone = 3:1) to give pure tert.- 
butyl 4(2-tert.-butyl-5-oxo-1 ,3-dioxolan-4-yl)-3-oxobutanoate (11.51 g, 38 mmol). Yield, 76.6 %. 
1 H-NMR (90 MHz, CDCI 3 ): 5 = 5.23 (m, 1H), 4.80-4.49 (m, 1H); 3.41 (m, 2H), 3.10 (m, 2H), 1.47 (s, 9H), 
0.83 (s, 9H). 



Elemental analysis (C15H24O6): 


Found: 
Calc'd: 


C 59.76 %, 
C 59.98%, 


H 8.09 % 
H 8.05 %. 



Example 8 

Preparation of 1 -methyl 6-tert.-butyl 2-hydroxy-4-oxoadipate 

To a solution of 1 -methyl malate (920 mg, 6.21 mmol) in THF (40.0 ml), carbonyldiimidazole (1.11 g, 
6.8 mmol) was added at 0* C in an argon atmosphere and stirred for 15 minutes, followed by further stirring 
at room temperature for 4 hours. To the resulting solution, magnesium bis(mono-tert.-butyl malonate) (3.05 
g t 8.9 mmol) was added at room temperature and stirred for 40 hours. After evaporating THF off under 
reduced pressure, a 25 % aqueous solution of citric acid was added, and the mixture was extracted with 
ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium hydrogencar- 
bonate, dried over sodium sulfate and concentrated under reduced pressure. The residue was subjected to 
a silica gel column chromatography (hexaneiacetone = 2:1) to give pure 1 -methyl 6-tert.-butyl 2-hydroxy-4- 
oxoadipate (26.8 mg, 1.1 mmol). Yield, 18 %. 

The chemical shifts in ^-NMR analysis were the same as those in Example 2. 

Example 9 



9 
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Preparation of tert.-butyl (SR.SSJ-a.S-O-isopropyliclene-a.S.e-trihyclroxyhexanoate 

In the same manner as in Example 1 but using (4S)-2,2-dimethyl-5-oxo-1,3-dioxolan-4-acetlc acid (2.09 
g, 12 mmol) derived from L-malic acid as a starting material for the preparation of tert.-butyl 4-(2,2- 
dimethyl-5-oxo-1 ,3-dioxolan-4-yl)-3-oxobutanoate, tert.-butyl 4-(2,2-dimethyl-5-oxo-1 ,3-dioxoian-(4S)-4-yl)^3- 
oxobutanoate was prepared. Then, by repeating the same procedures of Examples 2-5, tert.-butyl (3R.5S)- 
3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate was prepared. 

The chemical shifts in 1 H-NMR analysis were the same as those in Example 5. 



Elemental analysis (C13H24O5): 


Found: 
Calc'd: 


C 60.10 %, 
C 59.98 %, 


H 9.21 % 
H 9.29 %. 



M D :-4.06* (c = 2.1, methanol). 
Example 10 

Preparation of tert.-butyl 3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate 

To a solution of 2-methoxycarbonyl-4-tert.-butoxycarbonylmethyl-6,6-dimethyl-1 ,5-dioxane (2.88 g, 10 
mmol) in diethyl ether (40 ml), lithium aluminum hydride (0.38 g, 10 mmol) was added at -15 * C in an argon 
atmosphere and stirred for 15 hours, followed by stirring at room temperature for 3 hours. After adding 
methanol at 0 C and stirring for 30 minutes, pH of the mixture was adjusted to 7 with 1N hydrochloric acid, 
and the mixture was extracted with ethyl acetate. The organic layers were combined, dried over sodium 
sulfate and concentrated under reduced pressure. The residue was subjected to a silica gel column 
chromatography (hexane:ethyl acetate = 3:2) to give pure tert.-butyl 3,5-0-isopropylidene-3,5,6-trihydrox- 
yhexanoate (2.32 g, 8.9 mmol). Yield, 89 %. 

• The chemical shifts in 1 H-NMR analysis were the same as those in Example 5. 
Example 11 

Preparation of tert.-butyl 4-(2,2-dimethyl-5-oxo-1 ,3-dioxolan-4-yl)-3-hydroxybutanoate 

To a solution of tert.-butyl 4-(2,2-dimethyl-5-oxo-1 ,3-dioxoIan-4-yl)-3-oxobutanoate (10.88 g, 40.0 mmol) 
in THF (20 ml), a mixture of THF (96.0 ml) and triethylborane (1M in THF) (56.0 ml) was was added at 
-78 C over 45 minutes, followed by stirring at -78* C for 50 minutes. Thereafter, to the resulting mixture, 
sodium borohydride (1.51 g, 40.0 mmol) was added in one portion and stirred at -78* C for 4 hours. After 
adding 1N hydrochloric acid at 0°C, the mixture was extracted with ethyl acetate and washed with 
saturated saline. The organic layers were combined, dried over sodium sulfate and concentrated under 
reduced pressure. The residue was subjected to a silica gel column chromatography (hexane:ethyl acetate 
- 2:1) to give pure tert.-butyl 4-(2,2-dimethyl-5-oxo-1 ,3-dioxolan-4-yl)-3-hydroxybutanoate (6 08 g 2216 
mmol). Yield, 55 %. 

1 H-NMR (90 MHz, CDCI3): 5 = 4.71 (m, 1H), 4.28 (br, 1H), 3.40 (m, 1H), 2.50 (m, 2H), 2.00 (m 2H) 1 61 (s 
3H), 1.56 (s, 3H), 1.46 (s, 9H). ' 



Elemental analysis, (C13H22O6): 


Found: 
Calc'd: 


C 57.07 %, 
C 56.92 %, 


H8.13% 
H 8.08 %. 



Example 12 

Preparation of 1 -methyl 6-tert.-butyl 2,4-dihydroxyadipate 

To a solution of tert.-butyl 4-(2,2-dimethyl-5-oxo-1,3-dioxolan-4-yl)-3-hydroxybutanoate (5.49 g, 20.0 
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mmol) in toluene (40.0 ml), sodium methoxide (1M in methanol) (30 ml) was added at 0°C in an argon 
atmosphere and stirred at 0* C for 30 minutes. After dropwise adding 1N hydrochloric acid (30.5 ml) at 0° C 
over 10 minutes, the mixture was stirred at 0°C for 10 minutes. After evaporating off the most of the 
organic solvent under reduced pressure, the residual mixture was extracted with ethyl acetate. The organic 
5 layer was washed with a saturated saline and a phosphate buffer (pH 7.0). The organic layers were 
combined, dried over sodium sulfate and concentrated under reduced pressure. The residue was subjected 
to a silica gel column chromatography (hexane:acetone = 2:1) to give pure 1 -methyl 6-tert-butyl 2,4- 
dihydroxyadipate (3.69 g, 14.9 mmol). Yield, 74.3 %. 

The chemical shifts in 1 H-NMR analysis were the same as those in Example 3. 



Elemental analysis (CiihboOs): 


Found: 
Calc'd: 


C 53.29 %, 
C 53.21 %, 


H8.10% 
H8.12%. 



Example 13 

Preparation of 1 -methyl 6-tert-butyl 2-hydroxy-4-oxoadipate 

To a solution of tert.-butyl 4-(2-methyl-5-oxo-1,3-dioxolan-4-yl)-3-oxobutanoate (5.16 g, 20.0 mmol) in 
toluene (40.0 ml), sodium methoxide (1M in methanol) (20.5 ml) was added at 0°C over 10 minutes in an 
argon atmosphere and stirred at 0° C for 30 minutes. After dropwise adding 1N hydrochloric acid (21.0 ml), 
the mixture was stirred at 0* C for 10 minutes. After evaporating off the most of the organic solvent under 
reduced pressure, the mixture was extracted with ethyl acetate and washed with a saturated saline and a 
phosphate buffer (pH 7.0). The organic layers were combined, dried over sodium sulfate and concentrated 
under reduced pressure. The residue was subjected to a silica gel column chromatography (hexaneiacetone 
= 2:1) to give pure 1-methyl 6-tert-butyl 2-hydroxy-4-oxoadipate (4.39 g, 17.83 mmol). Yield, 89.2 %. 

The chemical shifts in 1 H-NMR analysis were the same as those in Example 2. 



Elemental analysis (CuHisOe): 


Found: 
Calc'd: 


C 53.59 %, 1 
C 53.65 %, 


H 7.45 % 
H 7.37%. 



Example 14 

40 Preparation of 1 -ethyl 6-tert-butyl 2-hydroxy-4-oxoadipate 

To a solution of tert.-butyl 4-(2,2-dimethyl-5-oxo-1,3-dioxolan-4-yl)-3-oxobutanoate (16.30 g, 60.08 
mmol) in a mixed solvent of toluene (120.0 ml) and ethanol (60.0 ml), sodium methoxide (4.91 g, 79.10 
mmol) was dropwise added at o'C in an argon atmosphere and^ stirred for 30 minutes. After dropwise 

45 adding 1N hydrochloric acid (80.5 ml), the mixture was stirred at 0*C for 10 minutes. After evaporating off 
the most or the organic solvent under reduced pressure, the mixture was extracted with ethyl acetate and 
washed with a saturated saline and a phosphate buffer (pH 7.0). The organic layers were combined, dried 
over sodium sulfate and concentrated under reduced pressure. The residue was subjected to a silica gel 
column chromatography (hexane:acetone = 2:1) to give pure 1-ethyl 6-tert-butyl 2-hydroxy-4-oxoadipate 

50 (14.02 g, 53.85 mmol). Yield, 89.6 %. 

1 H-NMR (90 MHz, CDCb): 5 = 4.52 (m, 1H), 4.30 (q. 2H), 3.43 (s, 2H), 3.20 (m, 2H), 2.96 (br, 1H), 1.46 (s, 
9H), 1.28 (t, 3H). 



Elemental analysis (C12H20O&): 


Found: 
Calc'd: 


C 55.44 %, 
C 55.37 %, 


H 7.70 % 
H 7.75 %. 
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Example 15 

Preparation of 1-isopropyl 6-tert.-butyl 2-hydroxy-4-oxoadipate 

In an argon atmosphere, sodium hydride (60 % in oil) (6.0 g, 150 mmol) was washed with hexane, dried 
and then mixed with THF (170 ml). To the mixture cooled at o'C. isopropanol (30 ml) was dropwise added 
to obtain a yellow solution. 

In a solution of tert.-butyl 4-(2,2-dimethyl-5-oxo-1,3-dioxolan-4-yl)-3-oxobutanoate (13.62 g, 50 00 
mmol) in toluene (100.0 ml), the above yellow solution was dropwise added and stirred at 0'C for 30 
minutes. After dropwise adding 1N hydrochloric acid (160.0 ml), the mixture was stirred at 0° C for 10 
m,nutes. After evaporating off the most of the organic solvent under reduced pressure, the mixture was 
extracted with ethyl acetate and washed with a saturated saline and a phosphate buffer (pH 7 0) The 
organic layers were combined, dried over sodium sulfate and concentrated under reduced pressure The 
residue was subjected to a silica gel column chromatography (hexane: acetone = 2:1) to give pure 1- 
isopropyl 6-tert.-butyl 2-hydroxy-4-oxoadipate (1 1 .07 g, 40.35 mmol). Yield, 80 7 % " 

l";Tr n ( ?° C M " Z ' CDC ' 3): 5 = 512 < m ' 1H >' 4 47 < m - 1H ). 3- 4 3 (s, 2H), 3.25 (br, 1H), 3.00 (m, 2H), 1.46 (s, 
yn), 1.30 (s, 3H), 1.23 (s, 3H). 



20 



25 



Elemental analysis (C13H22O6): 


Found: 
Calc'd: 


C 56.84 %, 
C 56.92 %, 


H 8.02 % 
H 8.08 %. 



Example 16 



Preparation of tert.-butyl (3R,5S)-3,5-0-iscpropylidene-3,5,6-trihydroxyhexanoate 

30 „ „ 1° a mixture of sodium borohydride (1.1 1 g, 30 mmol) and THF (28 ml), 1-methyl 6-tert.-butyl (2S 4R>- 
2,4-0- 1S oprop y lidene-2,4-dihydroxyadipate (2.88 9, 10 mmol) was added at room temperature, and to the 
resulting reaction mixture, methanol (3.6 ml) was gradually added over one hour at room temperature while 
stirring After further stirring for one hour, a 5 % aqueous solution of ammonium chloride (30 ml) was 
gradually added at 5 C or lower and then 6N hydrochloric acid (5.3 ml) was added to neutralized the 

35 mixture. After evaporating methanol off under reduced pressure, the mixture was extracted with methylene 
chlonde twice (each 50 ml). The extracts were combined, dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The residual oily material was subjected to a silica gel column 
chromatography (hexaneracetone = 5:1) to give pure tert.-butyl (3R,5S)-3,5-0-isopropylidene-3 5 6- 
trihydroxyhexanoate (2.47 g, 9.5 mmol). Yield, 95 %. 

* £ * 3H) ' ,s - 3H> - '-" * »* •** * »* * *»>• 

IR (neat): 2980, 1720, 1365, 1200, 1150 and 1020 cm" 1 . 
Mo 20 = 3.87° (c = 2.1, methanol). 

AMf Example 17 

45 

Preparation of tert.-butyl (3R,5S)-3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate 

To a solution of 1-methyl 6-tert.-butyl (2S,4R)-2,4-0-isopropylidene-2,4-dihydroxyadipate (2 88 g 10 
5o mmol) in methanol (28 ml) which had been cooled to -20 "C, sodium borohydride (1.7 g, 45 mmol) was 
added by portions over 30 minutes while thoroughly stirring, followed by stirring at room temperature for 
one hour. A 5 % aqueous solution of ammonium chloride (35 ml) was gradually added at 5' C or lower and 
then 6N hydrochloric acid (4.3 ml) was added to neutralize the mixture. After evaporating methanol off 
under reduced pressure, the mixture was extracted with methylene chloride twice (each 50 ml). The extracts 
55 were comb.ned, dried over anhydrous sodium sulfate and concentrated under reduced pressure The 
residual oily material was subjected to a silica gel column chromatography (hexane: acetone = 5-1) to give 
pure tert.-butyl (3R,5S)-3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate (2.42 g, 9.3 mmol). Yield, 93 %. 

Example 18 
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Preparation of tert.-butyl 3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate 

To a solution of 2-methoxycarbonyl-4-tert.-butoxycarbonylmethyi-6,6-dimethyl-1,5-dioxane (2.88 g, 10 
mmol) in diethyl ether (40 ml), lithium aluminum hydride (0.38^g, 10 mmol) was added at -15° C in an argon 

5 atmosphere and stirred for 15 hours, followed by stirring at 0* C for 3 hours. After adding methanol at 0 C 
and stirring the mixture for 30 minutes, pH of the mixture was adjusted to 7 with 1N hydrochloric acid. 
Then, the mixture was extracted with ethyl acetate. The organic layers were combined, dried over 
anhydrous sodium sulfate and concentrated under reduced pressure. The residue was subjected to a silica 
gel column chromatography (hexane:ethyl acetate = 3:2) to give pure tert.-butyl 3,5-0-isopropylidene-3,5,6- 

w trihydroxyhexanoate (2.32 g, 8.9 mmol). Yield, 89 %. 

Example 19 



Preparation of ethyl (3R,5S)-3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate 

75 

To a solution of 1 -methyl 6-ethyl (2S,4R)-2,4-0-isopropylidene-2,4-dihydroxyadipate (5.2 g) in ethanoJ 
(52 ml), sodium borohydride (1.51 g, 40 mmol) was added by portions at 5°C or lower over 30 minutes, 
and the mixture was stirred at room temperature for 3 hours. After gradually adding acetic acid (2.3 ml) at 
5° C or lower, water (300 ml) was added, and the mixture was extracted with methylene chloride twice (each 

20 50 ml). The extracts were combined, dried over anhydrous sodium sulfate and concentrated under reduced 
pressure. The residual oily material was subjected to a silica gel column chromatography (hexane: acetone 
= 3*1) to give pure ethyl (3R,5S)-3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate (3.34 g, 1.44 mmol). 
1 H-NMR (90 MHz, CDCI 3 ): 5 = 1.27 (t, 3H, J = 6 Hz), 1.43 (s, 3H), 1.50 (s, 3H), 2.26-2.76 (m. 2H), 3.15- 
3.88 (m, 3H), 3.90-4.58 (m, 4H). 

25 IR (neat): 3475, 2970, 1740, 1380, 1170 and 1020 cm" 1 . 

Example 20 

Preparation of ethyl 4-(2,2-dimethyl-5-oxo-1 ,3-dioxolan-4-yl )-3-oxobutanoate 

30 

To a solution of 2 ) 2-dimethyl-5-oxo-1,3-dioxolan-4-acetic acid (525 rhg, 3.01 mmol) in THF (17.0 ml), 
carbonyldiimidazole (534 mg, 3.29 mmol) was added at 0*C in an argon atmosphere and stirred for 30 
minutes. To the resulting solution, magnesium bis(mono-ethyl malonate) (1.12 g, 3.91 mmol) was added at 
room temperature and stirred for 23 hours. After evaporating THF off under reduced pressure, a 25 % 

35 aqueous solution of citric acid (20 ml) was added, and the mixture was extracted with ethyl acetate. The 
organic layer was washed with a saturated aqueous solution of sodium hydrogencarbonate (20 ml), dried 
over sodium sulfate and concentrated under reduced pressure. The residue was subjected to a silica gel 
column chromatography (hexane:ethyl acetate = 5:1) to give pure ethyl 4-(2,2-dimethyl-5-oxo-1,3-dioxolan- 
4-yl)-3-oxobutanoate (506 mg, 2.07 mmol). Yield, 69 %. 

40 1 H-NMR (90 MHz, CDCh): 5 = 4.77 (m, 1H), 4.22 (q, 2H, J = 7.5 Hz), 3.50 (s, 2H), 3.10 (m, 2H), 1.62 (s, 
3H), 1.57 (s, 3H), 1.28 (t, 3H, J = 7.5 Hz). 



. 45 



Elemental analysis (ChHi6 0g): 


Found: 
Calc'd: 


C 54.20%, 
C 54.09 %, 


H 6.58 % 
H 6.60 %. 



Example 2\_ 

Preparation of 1 -methyl 6-ethyl 2-hydroxy-4-oxoadipate 

To a solution of ethyl 4-(2,2-dimethyl-5-oxo-1 ,3-dioxolan-4-yl)-3-oxobutanoate (480 mg, 1.97 mmol) in 
toluene (2.0 ml), sodium methoxide (1M in methanol) (2.1 ml) was dropwise added at 0°C in an argon 
atmosphere and stirred for 30 minutes. To the mixture, 1N hydrochloric acid (2.1 ml) was dropwise added 
and the mixture was stirred at room temperature for 15 minutes. After evaporating off the most of the 
organic solvent under reduced pressure, the mixture was extracted with ethyl acetate and washed with a 
saturated saline and a phosphate buffer (pH 7.0). The organic layers were combined, dried over sodium 
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sulfate and concentrated under reduced pressure. The residue was subjected to a silica gel column 
chromatography (hexane:ethyl acetate = 5:1) to give pure 1 -methyl 6-ethyl 2-hydroxy-4-oxoadipate (366 
mg, 1.67 mmol). Yield, 85 %. 

'H-NMR (90 MHz, CDCI 3 ): 8 = 4.52 <m, 1H), 4.18 (q, 2H, J = 7.5 Hz), 3.80 (s, 3H), 3.48 (s, 2H) 3 2 (br 
5 1H), 3.1 (m,2H), 1.28 (t,3H, J = 7.5 Hz). ' 



Elemental analysis (C 9 H U 06): 


Found: 
Caic'd: 


C 49.45 %, 
C 49.54 %, 


H 6.35 % 
H 6.47 %. | 



75 



30 



Example 22 

Preparation of 1 -methyl 6-ethyl 2,4-dihydroxyadipate 



A mixture of THF (2.5 ml), methanol (5 ml) and triethylborane (1M in THF) (12 ml) was stirred at a 
temperature from -50 to -60 °C for one hour in an argon atmosphere. A solution of 1 -methyl 6-ethyl 2- 

2Q hydroxy-4-oxoadipate (2.2 g, 10 mmol) in THF (2.5 ml) was dropwise added to the above borane solution at 
-60 C. After stirring at -78 C for 60 minutes, sodium borohydride (378 mg, 10 mmol) was added in one 
portion, followed by stirring at -78 °C for 2 hours. After dropwise adding acetic acid (3 ml) to the reaction 
solution at -78 C, the solution was stirred for 15 minutes. After adding water (5 ml), THF was evaporated 
off. After adding ethanol (10 ml) and a 10 % hydrogen peroxide (1.5 ml) at room temperature 1N 

25 hydrochloric acid was added to adjust pH to 7, followed by stirring for one hour. After adding a 5 % 
aqueous solution of sodium sulfite (15 ml) and stirring the mixture at room temperature for 40 minutes the 
mixture was extracted with methylene chloride and organic layers were combined, dried over sodium sulfate 
and concentrated under reduced pressure. The residue was subjected to a silica gel column chromatog- 
raphy (hexane:acetone = 5:1) to give pure 1 -methyl 6-ethyl 2,4-dihydroxyadipate (1.52 g, 6.9 mmol). Yield, 



'H-NMR (90 MHz, CDCI 3 ): 5 = 1.26 (t, 3H, J = 6 Hz), 1.6-2.2 (m, 2H), 2.51 (d, 2H, J = 6 Hz) 3 25-3 6 (br 
2H), 3.78 (s, 3H), 4.16 (q, 2H, J = 6 Hz). ' ' ' ' 



Elemental analysis (CgH^Oe): 


Found: 
Caic'd: 


C 49.25 %, 
C 49.09%, 


H 7.1 1 % 
H 7.32 %. 



40 Example 23 

Preparation of 2-methoxycarbonyl-4-ethoxycarbonylmethyl-6,6-dimethyl-1 ,5-dioxane 

To a solution of 1 -methyl 6-ethyl 2,4-dihydroxyadipate (1.5 g, 6.81 mmol) in methylene chloride (60 ml) 
45 d.methoxypropane (1.672 ml, 78 mmol) and pyridinium p-toluenesulfonate (251 mg, 1 mmol) were added 
and stirred under reflux conditions for one hour, followed by further stirring at 50 °C for one hour while 
azeotropically removing methanol with methylene chloride. Then, after adding methylene chloride (60 ml) 
the mixture was again stirred at 50 °C for one hour to remove methylene chloride (50 ml). To the residue' 
water was added, and the mixture was extracted with methylene chloride. The organic layers were 
combined, dried over sodium sulfate and concentrated under reduced pressure. The residue was subjected 
to a silica gel column chromatography (hexane:acetone = 5:1) to give pure 2-methoxycarbonyl-4- 
ethoxycarbonylmethyl-6,6-dimethyl-1 ,5-dioxane (1.29 g, 4.99 mmol). Yield 73 % 

1 H-NMR (90 MHz, CDCI 3 ): 6 = 1.28 (t, 6H J = 6 Hz), 1.51 (m, 6H), 1.70-2.1 (m, 2H), 2.45-2.60 (m 2H) 
3.76 (s, 3H), 4.16 (d, 2H, J = 6 Hz), 4.2-4.73 (m, 2H). 



50 



55 
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Elemental analysis (C12H20O6): 


Found: 
Calc'd: 


C 55.59 %, 
C 55.37 %, 


H 7.52 % 
H 7.74 %. 



Example 24 



Preparation of ethyl 3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate 

To a solution of 2-methoxycarbonyl-4-ethoxycarbonylmethyl-6,6-dimethyl-1,5-dioxane (520 mg, 2 mmol) 
in ethanol (5.2 ml), sodium borohydride (75 mg, 2 mmol) was added by portions on an ice bath and stirred 
at room temperature for 12 hours in an argon atmosphere. After adding acetic acid (230 ul) on the ice bath 
and stirring for 30 minutes, water (30 ml) was added, and the mixture was extracted with methylene chloride 
twice (each 50 ml). The organic layers were combined, dried over sodium sulfate and concentrated under 
reduced pressure. The residue was subjected to a silica gel column chromatography (hexane: ethyl acetate 
= 3:1) to give pure ethyl 3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate (261 mg, 1.12 mmol). Yield, 56 %. 
'H-NMR (90 MHz, CDCI3): 6 = 1.26 (t, 3H, J = 6 Hz), 1.43 (s, 3H), 1.53 (s, 3H), 1.56-2.0 (m, 2H), 2.43-2.65 
(m, 2H), 3.16-3.93 (m, 3H), 3.82-4.63 (m, 4H). 



Elemental analysis (C11H20O5): 


Found: 
Calc'd: 


C 57.05 %, 
C 56.88 %, 


H 8.59 % 
H 8.68%.. 



Example 25 



30 Preparation of 1 -ethyl 6-tert.-butyl 2,4-dihydroxyadipate 

A mixture of THF (2.2 ml), methanol (4.4 ml) and triethylborane (1M in THF) (8.52 ml) was stirred at 
room temperature for one hour in an argon atmosphere. A solution of 1 -ethyl 6-tert-butyl 2-hydroxy-4- 
oxoadipate (1.85 g, 7.1 mmol) in THF (2 ml) was dropwise added to the above boran solution at room 

35 temperature. After stirring at room temperature for 2 hours and cooling the mixture to -78° C, sodium 
borohydride (229 mg, 6.1 mmol) was added in one portion, followed by stirring at -78* C for 2 hours. After 
dropwise adding acetyl chloride (0.26 ml) to the reaction solution at -78* c, the solution was stirred for 
additional 30 minutes at room temperature. After evaporating methanol off under reduced pressure, 
methanol (30 ml) was added to the mixture and again methanol was evaporated off under reduced pressure. 

40 After adding methylene chloride (20 ml) and water (20 ml), pH of the mixture was adjusted to 6 with 1N 
hydrochloric acid, and mixture was separated. The aqueous layer was extracted with methylene chloride 
twice (each 50 ml), and organic layers were combined and washed with water (30 ml). After drying the 
organic solution over anhydrous sodium sulfate, the solvent was concentrated under reduced pressure. The 
residue was subjected to a silica gel column chromatography (hexane:acetone = 5:1) to give pure 1 -ethyl 

45 6-tert.-butyl 2,4-dihydroxyadipate (1 .76 g, 6.73 mmol). Yield, 95 %. 

^H-NMR (90 MHz, CDCI3): 5 = 1.30 (t, 3H..J = 6 Hz), 1.46 (s, 9H), 1.88-1.99 (m, 2H), 2.43 (d, 2H, J = 6 
Hz), 3.40 (m, 1H), 3.50 (m, 1H), 4.22-4.36 (m, 4H). 



Elemental analysis (C12H22OG): 


Found: 
Calc'd: 


C 54.80 %, 
C 54.94 %, 


H 8.26 % 
H 8.45 %. 



Example 26 

Preparation of 2-ethoxycarbonyl-4-tert.-butoxycarbonylmethyl-6,6-dimethyl-1 ,5-dioxane 
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To a solution of 1 -ethyl 6-tert-butyl 2,4-dihydroxyadipate (1.6 g, 6.1 mmol) in methylene chloride (60 
ml), dimethoxypropane (1.672 ml, 78 Sol) and pyridinium p-toluenesulfonate (251 mg, 1 mmol) were added 
and stirred under reflux conditions for one hour, followed by further stirring at 50 °C for one hour while 
azeotropically removing ^methanol with methylene chloride. To the mixture, methylene chloride (60ml) was 

5 added and stirred at 50° C for one hour to remove methylene chloride. After adding water, the mixture was 
extracted with methylene chloride. The organic layers were combined, dried over sodium sulfate and 
concentrated under reduced pressure. The residue was subjected to a silica gel column chromatography 
(hexaneracetone = 7:1) to give pure 2-ethoxycarbonyl-4-tert.-butoxycarbonylmethyl-6.6-di methy 1-1 5-diox- 
ane (1 .23 g, 4.06 mmol). Yield, 67 %. 

w 'H-NMR (90 MHz, CDCI 3 ): 5 = 1.28 (t, 3H, J = 6 Hz), 1.43-1.50 (m, 19H), 1.92 (m, 1H), 2.31-2 48 (m 2H) 
4.21 (q, 2H, J = 6 Hz), 4.32 (m, 1H), 4.51 (m, 1H). ' 



Elemental analysis (Ci 5 H 2 6 0s): 


Found: 
Calc'd: 


C 59.33 %, 
C 59.58 %, 


H 8.85 % 
H 8.67 %. 



Example 27 

Preparation of tert-butyl 3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate 

To a suspension of sodium borohydride (170 mg, 4.5 mmol) in THF (3 ml), a solution of 2- 
ethoxycarbonyl-4-tert.-butoxycarbonylmethyl-6,6-dimethyl-1,5-dioxane (605 mg, 2 mmol) in ethanol (2.1 ml) 
was added by portions at room temperature, followed by stirring at room temperature for 4 hours. To the 
mixture cooled on an ice bath, acetic acid (260 ul) was added and the mixture was stirred for 30 minutes. 
After adding water (30 ml), the mixture was extracted with methylene chloride twice (each 50 ml), and the 
organic layers were combined, dried over sodium sulfate and concentrated under reduced pressure. The 
residue was subjected to a silica gel column chromatography (hexane: ethyl acetate = 5:1) to obtain pure 
tert-butyl 3,5-0-isopropylidene-3,5,6-trihydroxyhexanoate (494 mg, 1.89 mmol). Yield, 95 %. 

The chemical shifts in 1 H-NMR analysis were the same as those in Example 5. 

Claims 

1. A 2,4-dihydroxyadipic acid derivative of the formula: 



R^OC-CH-CHn-CH-CHn-COOR 4 

I I 
OR 2 OR 3 



wherein R 1 and R* are the same or different and each a hydrogen atom, an alky I group, an aralkyl 
group, an aryl group or a silyl group, and R* and R3 are the same or different and each a hydrogen 
atom or a protective group of a hydroxy group or together form a ring. 

2. A 2-hydroxy-4-oxoadipic acid derivative of the formula: 



50 



55 ;CrO 0 



A 

' X CH-CH 2 -C-CH 2 -COOR 4 



wherein R 4 is a hydrogen atom, an alkyl group, an aralkyl group, an aryl group or a silyl group, and X 
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5 



70 



15 



20 



25 



and Y are the same or different and each a hydrogen atom, an alkyl group, an aralkyl group or an aryl 
group or together form a ring. 

3. A 2-hydroxy-4-oxoadipic acid derivative of the formula: 



^OOC-CH-CHn-C-CH^-COOR 4 

| I (III) 

OP 0 

wherein R 1 and R 4 are the same or different and each a hydrogen atom, an alkyl group, an aralkyl 
group, an' aryl group or a silyl group, and P is an hydrogen atom or a protective group of a hydroxy 
group. 

4. A 2,4-dihydroxyadipic acid derivative of the formula: 



O 
I 

/ \CH-CH 9 -CH-CH 9 -C00R 4 (IV) 

°\ I 2 I 

X-0 OQ 
X Y 



wherein X and Y are the same or different and each a hydrogen atom, an alkyl group, an aralkyl group 
or an aryl group or together form a ring, R 4 is a hydrogen atom, an alkyl group, an aralkyl group, an 
30 aryl group or a silyl group, and Q is a hydrogen atom or a protective group of a hydroxy group. 

5. The compound according to any one of claims 1 to 4, wherein R 4 is a tert.-butyl group. 

6. The compound according to claim 1 or 3, wherein R 1 is a Ci-C* alkyl group. 

35 

7. The compound according to claim 1 , wherein R 2 and R 3 are both hydrogen atoms. 

8. The compound according to claim 1, wherein R 2 and R 3 together form an isopropylidene group. 

40 9. The compound according to claim 1, wherein R 1 is a Ci-C* alkyl group, R 2 and R 3 are both hydrogen 
atoms, and R 4 is a tert.-butyl group. 

10. The compound according to claim 1, wherein R 1 is a methyl group or an ethyl group, R 2 and R 3 are 
both hydrogen atoms, and R 4 is a tert.-butyl group. 



45 



50 



55 



11. The compound according to claim 1, wherein R 1 is a C1-C4. alkyl group, R 2 and R 3 together form an 
isopropylidene group, and R 4 is a tert.-butyl group. 

12. The compound according to claim 2 or 4, wherein X and Y are both methyl groups. 

1a The compound according to claim 2 or 4, wherein X and Y are both methyl groups, and R 4 is a tert.- 
butyl group. 

14. The compound according to claim 3, wherein P is a hydrogen atom. 

15. The compound according to claim 3, wherein R 1 is a Ci-C* alkyl group, P is a hydrogen atom, and R 4 
is a tert.-butyl group. 
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16. The compound according to claim 3, wherein R 1 is a methyl group or an ethyl group, P is a hydrogen 
atom, and R 4 is a tert.-butyl group. 

17. The compound according to claim 4, wherein Q is a hydrogen atom. 

18. The compound according to claim 4, wherein X and Y are both methyl groups, Q is a hydrogen atom, 
R 4 is a tert.-butyl group. 

19. A process for preparing a 2,4-dihydroxyadipic acid derivative of the formula: 

R 1 OOC-CH-CH :) -CH-CH 9 -COOR 4 
OR OR J 



wherein R 1 and R 4 are the same or different and each a hydrogen atom, an alkyl group, an aralkyl 
group, an aryl group or a silyl group, and R 2 and Ft 3 are the same or different and each a hydrogen 
■ atom or a protective group of a hydroxy group or together form a ring, which process comprises 
20 reacting a 2-hydroxy-4-oxoadipic acid derivative of the formula: 

0 
I 

/ \cH-CH,-C-CH-,-COOR 4 (II) 

°v I « 
C-0 0 

A 

X Y 



wherein R* is a hydrogen atom, an alkyl group, an aralkyl group, an aryl group or a silyl group, and X 
and Y are the same or different and each a hydrogen atom, an alkyl group, an aralkyl group or an aryl 
group or together form a ring with a metal alkoxide to obtain a 2-hydroxy-4-oxoadipic acid derivative of 
the formula: 

I o 2 (III) 

OP 0 



wherein R 1 and R 4 is the same as defined above, and-P is a hydrogen atom or a protective group of a 
hydroxy group, reducing said 2-hydroxy-4-oxoadipic acid derivative (III) and optionally deprotecting the 
hydroxy group and/or hydroiyzing the ester group. 

20. A process for preparing a 2,4-dihydroxyadipic acid derivative of the formula: 



R 1 OOC-CH-CH 2 -CH-CH 2 -COOR 4 



I 2 I 3 (I) 

OR^ OR J 

wherein R 1 and R 4 are the same or different and each a hydrogen atom, an alkyl group, an aralkyl 
55 group, an aryl group or a silyl group, and R 2 and R 3 are the same or different and each a hydrogen 
atom or a protective group of a hydroxy group or together form a ring, which process comprises 
reducing a 2-hydroxy-4-oxoadipic acid derivative of the formula: 
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/ C \CH-CH,-C-CH,-COOR 4 (H) 
°\ I I 

c-o 0 

/ V 
X Y 

io wherein R* is a hydrogen atom, an alkyl group, an aralkyl group, an aryl group or a silyl group, and X 
and Y are the same or different and each a hydrogen atom, an alkyl group, an aralkyl group or an aryl 
group or together form a ring to obtain a 2,4-dihydroxyadipic acid derivative of the formula: 



75 O 

I 

^ Vh-CH-,-CH-CH,-COOR 4 (IV) 
P | 2 , 2 

20 V-0 OQ 

X Y 

wherein X, Y and R 4 are the same as defined above, and Q is a hydrogen atom or a protective group of 
25 a hydroxy group, reacting said 2,4-dihydroxyadipic acid derivative (IV) with a metal alkoxide and 
optionally deprotecting the hydroxy group and/or hydrolyzing the ester group. 

21. The process according to claim 19 or 20, wherein said metal alkoxide is one selected from the group 
consisting of sodium methoxide, sodium ethoxide and sodium isopropoxide. 



30 



35 



40 



50 



22. The process according to claim 19 or 20, wherein said, metal alkoxide is one selected from the group 
consisting of potassium methoxide, potassium ethoxide and potassium isopropoxide. 

23. A process for preparing a 3,5,6-trihydroxyhexanoate derivative of the formula: 

HO-CHn-CH-CH^-CH-CH 9 -COOR 8 

2 | 2 | 2 (VI) 

OR 6 OR 7 



wherein R 6 and R 7 are the same or different and each a hydrogen atom or a protective group of a 
hydroxy group or together form a ring and R 8 is an alkyl group, an aralkyl group or an aryl group, 
comprising selectively reducing an ester group at the 1 -position of a diester of a 2,4-dihydroxyadipate 
45 derivative of the formula: 

R 5 OOC-CH-CH 9 -CH-CH :) -COOR 8 



OR 6 OR 7 



wherein R G , R 7 and R 8 are the same as defined above, and R 5 is an alkyl group, an aralkyl group or an 
aryl group. 

55 

24. The process according to claim 23, wherein R 6 and R 7 in the formula (V) together form a ketal type or 
acetal type protective group. 
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25. The process according to claim 24, R 6 and R 7 in the formula (V) together form an isopropylidene 
group. 

26. The process according to claim 23, 24 or 25, wherein R 5 in the formula (V) is a C1-C4 primary or 
5 secondary alkyl group, and R 8 is a tert.-butyl group. 

27. The process according to claim 23, wherein said 2,4-dihydroxyadipic acid derivative (V) is reduced with 
a hydride reducing agent. 

10 28. The process according to claim 27, wherein said hydride reducing agent is sodium borohydride. 

29. The process according to claim 27, wherein said hydride reducing agent is lithiurrvaluminum hydride. 

30. The process according to claim 23, wherein, in the formula (V), R 5 is a methyl group or an ethyl group, 
15 R 8 is a tert.-butyl group, and R 5 and R 7 together form an isopropylidene group. 
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